SECTION 5

POTENTIAL PATHWAYS




5-1

5.0 Potential Pathways

5.1 General

5.1,1 Vegetation
Airborne particulate radioactivity may be deposited directly on the

edible foliar surfaces of crops or on the soil and then migrate through the
soil into the plant's root system and into an edible crop. Such crops may be
consumed directly by man or by animals which are ultimately consumed by man.
The use of contaminated water (either groundwater or surface) to irrigate
crops may also lead to the ingestion of radionuclides from either the direct
consumption of the crop or the crop-to-animal-to-man pathway.

The reconnaissance surveys of some inactive uranium mine sites indicated
that no crops for human consumption were being farmed at or near any of the
sites. Although the potential for man's ingestion of radionuclides in edible
crops due to the direct deposition or the root uptake of either airborne par-
ticulates or contaminated mine water is a greater possibility near the active
mines, farming in such areas is not extensive.

Almost every inactive and active mine site visited had range cattle and/
or sheep grazing on the natural vegetation growing at the site; hence, the
possible consumption of such animals could be a potential pathway for man's
ingestion of radionuclides released into the environment surrounding the mine

sites.

5.1.2 MHWildlife

There are numerous species of mammals, birds, reptiles, and amphibians
at both active and inactive uranium mine sites. Though mining may destroy
their natural habitat, there are no significant radiological impacts on
wildlife in these areas. Dewatering and drainage from active mines sometimes
create ponds or streams that may be used by migratory waterfowl and local
wildlife as a source of water, but, when mining is completed, the ponds dry
up, probably without leaving any permanent or significant radiological impact
on wildlife, The small lakes formed in inactive surface mine pits, however,
may remain for a long period of time and have a significant environmental
impact. It would be expected that sedimentation and eutrophication of the
lakes would progressively diminish the impact with time by reducing the con-
tact of ore bodies with the biosphere. The p&tentia] food pathway of animal-
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to-man via wildlife hunting at these sites is also minimal. Hunting is poor
and hunting restrictions are usually observed at the mine sites.

5.1.3 Land Use

Most uranium mining activities have been conducted in areas away from
population centers., Most mines are located on private property or are on
Federal lands such as national forests. The predominant land use is as
rangeland (or forest) and only minor areas are cropland. The fraction of land
used for vegetable crop production for Wyoming and New Mexico is 1.59 x 10"3
and 1.38 x 10'3, respectively. This fraction is based on the assumption that
the statewide fractions apply to uranium mining areas within each state,
Average population densities are typically rural, i.e., less than one person
per 2.6 kmZ.

5.1.4 Population Near Mining Areas

Uranium mines occur in clusters throughout many western states and are
somewhat scattered throughout the eastern states. In order to estimate the
nunber of persons residing within 50 miles (80km) of a mine, we used county
populations where there either is or has been mining, Table 5.1 lists the
states and their respective mining counties plus the numbers of inactive and
active surface and underground uranium mines in each county. We derived the
county population statistics from U.S. Department of Commerce census data
(DQC?B), which are January 1, 1975 estimates. The county areas were obtained
from the same reference.

The area, 20,106 km~, within a circle with a radius of 80 km usually
exceeds the area of most counties. Because of this, the number of persons
residing within 80 km of a mine will be underestimated using county popula-
tion statistics. In other words, we consider the estimates of populations

2

within the mining regions to be somewhat low.

Persons residing in a mining area are 1likely to be exposed from more
than one mine because of the aforementioned clustering. To account for this,
Table 5.1 lists the product (parson-mines) for both active and inactive uran-
jum mines. The total number of person-mines for inactive mines is approxi-
mately 82,000,000 perébns. The total number of person-mines for active mines
is approximately 14,000,000 persons. The combined equivalent population
exposed to inactive and active uranium mining is approximately 96,000,000

persons.
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5.1.5 Population Statistics of Humans and Beef Cattle
Table 5.2 1lists some population statistics for humans in New Mexico and
Wyoming, humans in all uranium mining states, and beef cattle in New Mexico

and Wyoming.

Table 5.2 'Popu1ation statistics for humans and beef cattle

Total Human and Beef Cattle Population Within 80 km Radius of Mines

New Mexico Wyoming A1l Uranium Mining States
Human 447,412 224,195 6,625,099
Beef cattle 753,000 905,000 === ~eccmcaaa-

Average Human and Beef Cattle Population Densities Within 80 km Radius
of Uranium Mines (number/kmz)(a)

Human 2.4 1.3 4.4
Beef Cattle 4.1 5.1 ——

(@Jareas taken from Table 5.1: New Mexico = 183,646 kmz;;Wyoming = 177,422

kmz, and the total county area = 1,492,136 kmz.

5.2 Prominent Envirommental Pathways and Parameters for Agueous Releases
From a computer code prepared within EPA, we calculated annual committed
dose equivalents to individuals and annual collective dose equivalents to a
population for these assessments. Table 5.3 lists the aqueous pathways that
were initially- considered potential pathways of exposure. As indicated in
Table 5.3, these pathways result in computation of dose equivalents due to
inhalation, ingestion, ground surface exposure, and air submersion. For above
surface crop ingestion, milk ingestion, and beef ingestion (pathways 3, 4,
and 5), we considered only uptake through the plant root systems to predict
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concentrations of radionuclides in crops, since essentially all irrigation is
ditch irrigation. Appendix J contains a detailed explamation of the
envirommental transport and dosimetry models used in these analyses.

The maximum individual for the aquatic pathways is the individual at
maximm risk. He is exposed to radionuclides discharged in mine effluent
through pathways 2 through 10 of Table 5.3. The water contributing radionu-
clides to these pathways comes from a creek into which a mine discharges. The
average individual is exposed to the average risk of all persons included in
the population of the assessment area. He is exposed to radionuclides dis-
charged in mine effluent through pathways 2 through 8 and 10 of Table 5.3.
The water contributing radionuclides to these pathways is taken from the
regional river after the creek water has been diluted in this river. The
population considered in the assessment of the aquatic pathways is obtained
by multiplying the regional assessment area size by the population density
within this area. This assessment area contains the drainage basin for the
mine effluent stream, the creek and the regional river discussed in defining
the maximum and average individuals.

5.2.1 Individual Committed Dose Equivalent Assessment

Section 6 of this report contains the computed dose equivalents to the
maximum individual and to the average individual. For the maximum indi-
vidual, we included all pathways in Table 5.3 except drinking water {pathway
1). It is known that the releases to the aquatic environment occur through
discharge of mine water to surface streams. Potentially, drinking water
could be one of the most significant pathways for the maximum individual dose
equivalents, if surface water containing mine wastes was drunk. However, it
appears that all drinking water for both the New Mexico and the Wyoming sites .
comes from wells (Robert Kaufmann, 1979, U.S. Environmental Protection
Agency, Las Vegas, NV, personal communication}. Thus, the only way mine
discharges can enter human drinkiﬁg water is by percolating through the soil.
Since we do nof know the soil chemistry for these sites well enough to
predict the ion-exchange- parameters for the soil, we can not predict,
realistically, the quantity of mine-related radionuclides that would rnach
the groundwater. We expect that these ion-exchange factors would be large
for several of the radicnuclides considered in these analyses and that
groundwater concentraticns of radionuclides discharged in mine water




5-14

would be quite small compared to concentrations in the surface water down-
stream from the mines, Further study is needed before dose equivalents for
the maximum individual by drinking groundwater can be adequately addressed.
The following are other assumptions used to calculate maximum individual
dose equivalents:
1. Ground surface concentrations of radionuclides (used for
pathways 6 through B) are for 8.5'years, the assumed
midpoint of mine 1ife. The assumed period of mine oper-
ation is 17 years. The organ annual dose equivalents for
the external surface exposure pathway are based on the
ground concentrations after the 8.5 years buildup time.
2. For inhaled or ingested radionuclides, the dose equivalents
are the annual committed dose equivalents that will be
accunulated over 70 years after intake for an adult.
We calculated dose equivalents to the average individual in the assess-
ment area by taking the population dose equivalents (discussed in Subsection
5.2.2) and dividing by the population 1iving in the area.-

Table 5.3 Aquatic envirommental transport pathways initially considered

Pathway No. Pathway

Drinking water ingestion

Freshwater fish ingestion

Above surface crops ingestion - irrigated cropland
Milk ingestion - cows grazing on irrigated pasture
Beef ingestion - cows grazing on irrigated pasture
Inhalation - material resuspended which was deposited

h N B W N

during irrigation

7 External dose due to ground contamination by material
originally deposited during irrigation

-8 o External dose due to air submersion in resuspended
material originally deposited during irrigation

9 Milk ingestion - cows drinking contaminated
surface water

10 Beef ingestion - cows drinking contaminated surface
water




5-15

5.2.2 Collective (Population) Dose Equivalent Assessment

For the population dose equivalent assessment calculations, we concluded
that the pathways of concern are pathways 2, 3, 4, 5, 6, 7, 8, and 10 of
Table 5.3 (detailed discussion in Appendix J, subsection J2)., The size of
the assessment areas for New Mexico is 19,037 km2 and 13,650 km2 for Wyoming.
We used the following considerations to calculate population dose equivalents
for the assessment area:

1. Ground surface concentrations of radionuclides are for 8.5

years, the assumed midpoint mine life. (The period of
mine operation is 17 years.) The organ annual collective
dose equivalent rates for the external surface exposure
pathway are based on the ground concentrations after the
8.5 year buiidup time.

2. For inhaled or ingested radionuclides, the dose equivalents
are the annual collective dose equivalents that will be ac-
cumulated over the 70 years after intake for adults.

3. The population distributions around the sites are based
on estimates by county planners (John Zaboroc, 1979,
Converse Area Planning Office, Douglas, Wyoming, personal
communication) and agricultural personnel {Tony Romo, 1979,
Valencia County Agent, Los Lunas, New Mexico, personal
communication) for 1979. The populations, assumed to remain
constant in time, were estimated to be 16,230 and 64,950
persons in the Wyoming and New Mexico assessment areas,
respectively. '

4. Average agricultural production data for the county which con-
tains a major portion of the assessment area are used,

5. The population in the assessment area eats food from the as-
sessment area. We assume that any imported food is free of
radionuclides,

As mentioned previously, Appendix J contains the details regarding the
models and values for parameters used in these analyses.
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5.3 Prominent Environmental Pathways and Parameters for Atmospheric Releases

We used the AIRDOS-EPA (Mo79) computer code to calculate radionuclide
air and ground concentrations, ingestion and inhalation intakes, and working
Tevel exposures; and we used the DARTAB (Be8(0) computer.code to calculate dose
" and risk from the AIRDOS-EPA intermediate output using dose and risk factors
from the RADRISK (DuB0) computer code. We calculated working levels associ-
ated with Rn-222 emissions assuming that Rn-222 decay products were 70 per-.
cent in equi]ibriuh with Rn-222, a value considered representative of indoor
exposure conditions (Ge78). Appendix K contains a detailed discussion of the
application of the AIRDOS-EPA and RADRISK computer codes.

Figure 5.1 shows the general airborne pathways evaluated for uranium
mines. We calculated doses due to air immersion, ground surface exposure,
inhalation, and ingestion of radionuclides, but w: did not address the resus-
pension pathway, since the AIRDOS-EPA code did not provide a method for cal-
culating resuspended air concentrations or subsaquent redeposition to the
ground surface. We used the modification to the AIRDOS-EPA computer code
made by Nelson (Ne80) to include the effect of environmental removal of
radioactivity from the soil. For ingestion, transfers associated with both
root uptake and foliar deposition on food and forage are considered.

5.3.1 Indijvidual Committed Dose Eguivalent Assessment
We assessed the maximum individual on the following basis:

1. The maximum individual for each source category is intended
to represent an average of the individuals Tiving close to
each model uranium mine. The individual is assumed to be
located about 1600 meters from the center of the model site.

2. Ground surface concentrations of radionuclides used in the
assessment are those that would occur during the midpoint of
the active life of the model uranium mine. Buildup times
used in the assessment are 8.5 years for active surface and
underground mines, 5 years for the in situ leach mine, and
26.5 years for the inactive surface and underground mines.
The 26.5-year buildup time for the inactive mines is chosen
to represent the midpoint of the 53-year exposure time that
a resident living a 1ifetime in the region around the model
mine is estimated to experience. The organ dose equivalent
rates for the external surface exposure pathway are based on
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‘the concentrations for the indicated buildup time.

3. For inhaled or ingested radionuclides, the dose equivalent
rates are actually the 70-year committed dose equivalent
rates for an adult receptor, i.e., the internal dose equiva-
lent that would be delivered up to 70 years after an intake,
The individual dose equivalent rates in the tables are in
units of mrem/yr.

4, The individual is assumed to home grow a portion of his or
her diet consistent with the rural setting for each model
uranium mine site. Appendix K contains the actual fractions
of home-produced food consumed by individuals for the model
mine sites. The portion of the individual's diet that was
not locally produced is assumed to be imported and uncontam-
inated by the assessment source,

5.3.2 Collective (Population) Dose Equivalent Assessment

The coliective dose equivalent assessment to the population out to 80 km

from the facility under consideration is performed as follows:

1. The population distribution around the model mine sites is
based on the 1970 census., The population is assumed to re-
main constant in time.

2. Ground surface concentrations and organ dose equivalent rates
for the external surface exposure pathway (as for the individ-
ual case) are those that would occur over the active life of
the model mine.

3. Average agricultural production data for the state in which the
model uranium mine is located are assumed.

4, .The population in the assessment area eats food from the assess-
ment area to the extent that the calculated production allows,
and any balance is assumed to be imported without contamination
by the assessment source,

5. Seventy-year committed dose equivalent factors for an adult
receptor (as for the individual case) are used for ingestion
and inhalation.
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5.4 Mine Wastes Used In the Construction of Habitable Structures

Using uranium mine wastes under or around habitable structures or
building habitable structures on land contaminated with uranium mine wastes
can result in increased radiation exposures to individuals occupying these
structures, The radium-226 present in these wastes elevates the concen-
trations of radon-222 and its decay products and produces increased gamma
radiation inside these structures. The health risk to individuals occupying
these structures is generally much greater from inhaling radon-222 decay
products than the risk received from gamma radiation.

Radon-222, formed from the decay of radium-226, is an inert gas that
diffuses through the soil and migrates readily through foundations, floors,
and walls and accumulates in the inside air of a structure. Breathing
radon-222 and its short-lived decay products (principally polonium-218,
bismuth-214, and polonium-214) exposes the lungs to radiation.

The radon-222 decay product concentration (working level) inside a
structure from radon-222 gas diffusing from underlying soil is extremely
variable and influenced by many complex factors. These would include the
radium-226 concentration of the soil, the fraction of radon-222 emanating
from the soil, the diffusion coefficient of radon-222 in soil, the rate of
influx of radon-222 into the structure, the ventilation rate of the
structure, and the amount of plate-out (adsorption) of radon-222 decay
products on inside surfaces.

‘The potential risks of fatal lung cancer that could occur to individuals
fiving in homes built on land contaminated by uranium mine wastes have been
estimated using measurements and calcuiational methodology relating radon-222
decay product concentrations inside homes to the radium-226 concentrations in
outside soil (He78, Wi78). These estimates are shown in Section 6.1.5.
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